A 44-year-old man presenting to our hospital emergency room with abdominal pain was hospitalized for hyperlipidemic acute pancreatitis. A pig-tail catheter was placed percutaneously to drain an abscess on day 22. Although the abscess improved gradually and good clinical progress was seen, pancreatic duct disruption was strongly suspected and endoscopic retrograde cholangiopancreatography was performed on day 90. An endoscopic nasopancreatic drainage tube was placed, but even with concurrent use of a somatostatin analogue, treatment was ineffective. Surgical treatment was elected, but was subsequently postponed as the abscess culture was positive for extended-spectrum β-lactamase-producing Escherichia coli and methicillin-resistant Staphylococcus aureus. Drainage tubography showed a small fistula of the colon at the splenic flexure on day 140. Colonoscopy was performed on day 148. After indigo carmine had been injected, a fistula into the splenic flexure of the colon showed blue staining. The over-the-scope clip (OTSC) system was used to seal the fistula and complete closure was shown. A liquid diet was started on day 159 and was smoothly upgraded to a full diet. Following removal of the pancreatic stent on day 180, drainage volume immediately decreased and the percutaneous drain was removed. On day 189, computed tomography showed no exacerbation of the abscess and the patient was discharged on day 194. This case of colonic fistula caused by severe acute pancreatitis was successfully treated using the OTSC system, avoiding the need for an open procedure.
Introduction
Acute pancreatitis is an acute inflammatory process of the pancreas that may involve peripancreatic tissues or remote organ systems, and occasionally pancreatic complications, such as pancreatic abscess and pancreatic duct disruption, and colonic complications may occur [1] . In recent years, endoscopic treatment has proven to be an effective alternative to surgical techniques for pancreatic duct disruption [2] . Currently, the standard treatment for colonic perforation is open surgical repair. Application of conventional endoclips has been reported with satisfactory clinical outcomes in some cases, but seems to be limited to small, localized lesions. Therefore, more sophisticated closure techniques are desirable.
Here we report a case in whom colonic fistula due to severe acute pancreatitis was treated endoscopically using the over-the-scope clip system (OTSC system; Ovesco Endoscopy AG, Tübingen, Germany), and as a result, pancreatic duct disruption was treated without the need for endoscopic treatment.
Case Report
A 44-year-old man presented to the emergency room with continuous abdominal pain and met the diagnostic criteria for systemic inflammatory response syndrome (39°C, 130 beats/min, 20 breaths/min). Laboratory tests showed elevation of leukocyte count (WBC) and levels of C-reactive protein (CRP), transaminase, amylase, pancreatic amylase and triglyceride (table 1) . Two of Ranson's criteria were positive (WBC > 16,000 cells/mm 3 ; blood glucose > 200 mg/dl) [3] . Contrast-enhanced computed tomography (CT) revealed necrotizing pancreatitis and a diagnosis of hyperlipidemic acute pancreatitis was made. Although extrapancreatic progression of inflammation extended to the anterior pararenal space, there were hypoenhanced lesions in two segments of the pancreas.
Conservative treatment including high-volume infusion, prophylactic antibiotic (meropenem), protease inhibitors and intravenous immune globulin were started immediately. Follow-up CT revealed massive peripancreatic fluid collection and an abscess in the left abdominal cavity ( fig. 1 ). CT-guided percutaneous drainage was performed for the pancreatic abscess. No improvement was seen and a 7-Fr pig-tail drainage catheter was placed on hospital day 22. Abscess culture was positive for extended-spectrum β-lactamase (ESBL)producing Escherichia coli and methicillin-resistant Staphylococcus aureus (MRSA). The cavity was lavaged of debris and purulent material.
A 12-Fr silicon catheter was subsequently placed on day 34, 8-Fr and 7-Fr pig-tail catheters were placed on day 48, and the catheter was dilated gradually. Immediately after irrigation of a temporary drain, high fever developed, so we switched to continuous drainage. A 16-Fr drainage catheter inserted on day 69 achieved good drainage. Maroon-colored fluid from the abscess drainage changed to clear fluid on day 78. The volume of fluid drained did not decrease, however, and remained between 200 and 400 ml per day. The fluid was high in amylase and as pancreatic duct disruption was strongly suspected, endoscopic retrograde cholangiopancreatography (ERCP) was performed on day 90. The results showed disruption on the tail of the main pancreatic duct with contrast extravasation. An endoscopic nasopancreatic drainage (ENPD) tube was therefore placed at the tail. With the aim of achieving fistula closure and reduction of output, octreotide (300 μg/day) was used concurrently.
As the volume of fluid drained did not decrease below 50 ml/day, octreotide was increased to 600 μg/day on day 105. To increase drainage volume, a 7-Fr pancreatic stent was placed endoscopically on day 111 and dilated to 8.5 Fr on day 133. Fluid volume de-creased for around 2 weeks but thereafter increased gradually, so we discontinued octreotide on day 130. We had reached the limit of conservative management at this point and explored the indications for surgical therapy. However, as the abscess culture was still positive for ESBL-producing E. coli and MRSA, surgical treatment was postponed. CRP and WBC were stable and the patient had no abdominal complaint, so a liquid diet was started on day 138. The patient ran a fever >38°C the following day, diet was stopped and radiography was performed on day 140 for pyrexia. Drainage tubography showed a small fistula of the colon at the splenic flexure ( fig. 2) ; the diagnosis was thus amended to colonic fistula complicated by severe acute pancreatitis. Drainage was effective and therefore the cause of the colonic fistula was suspected to be protraction of the pancreatic fistula.
To investigate the communication of fistulas, colonoscopy was performed (CF H-260 AI; working channel of 3.7 mm; Olympus Medical Systems, Tokyo, Japan). After indigo carmine injection, the fistula into the splenic flexure of the colon showed blue staining ( fig. 3a, b) . The fistula was a small erosion and endoscopic treatment appeared feasible. An attempt to seal the perforation endoscopically was performed using the OTSC system ( fig. 3c ). Once the colonoscope had been removed, the OTSC applicator was mounted on the tip of the endoscope and reinserted. The tissue edges, including the fistula, were gently pulled inside the cap while continuous suction was applied. The OTSC clip (type T, 10 mm diameter) was released and the fistula was sealed. A Gastrografin enema performed on day 151 showed complete sealing of the leak and improved clinical course.
A liquid diet was restarted after ENPD tube exchange on day 159 and was smoothly upgraded to a full diet. However, a 7-Fr endoscopic pancreatic stent (EPS) was placed for internal drainage on day 175 because of an increase in the volume of percutaneous drainage. After removing the EPS on day 180, drainage volume immediately decreased. CT on day 189 showed no exacerbation of the abscess and the patient was discharged on day 194.
Follow-up CT and colonoscopy of the pancreatic and colonic fistulas were performed on day 221. CT showed improvement of the abscess, colonoscopy indicated the clip was in situ and scarred and the perforation site was sealed with no signs of inflammation or ulceration. ERCP performed on day 223 revealed no pancreatic duct disruption. The patient's clinical course was good and he is now receiving outpatient therapy for hyperlipidemia.
Discussion
Acute pancreatitis is defined as an acute inflammatory process of the pancreas that may involve peripancreatic tissues or remote organ systems. Severe acute pancreatitis is characterized by systemic organ failure as well as local pancreatic complications, and is associated with a mortality rate of 15-30%, despite continuing improvements in critical care [4] . Although pancreatic complications such as pancreatic abscess occasionally occur, of the many patients with severe acute pancreatitis, colonic complications affect only 1% [5] . Necrotizing pancreatitis develops in 10-20% of patients with acute pancreatitis and the mortality is unfavorable, reaching 15-20%. The prognosis after complications of organ failure or infections with necrotizing pancreatitis is worse still [6] .
Liquid pus collection is the main lesion in most patients with pancreatic abscess, and it has been reported recently that 78-86% of the patients can be cured by percutaneous drainage alone [7] . In severe necrotizing pancreatitis, liquefactive necrosis may occur, leading to pancreatic necrosis. Associated pancreatic duct disruption may persist as a fistula and result in persistent fluid collection or may heal spontaneously.
In the present case, at the point where pancreatic duct disruption at the pancreatic duct tail was suspected from the high amylase level in abscess drainage, we immediately attempted endoscopic drainage by placing an ENPD tube and pancreatic stent. Unfortunately, the output did not decrease despite coadministration of octreotide, and we could not achieve a therapeutic effect.
Pancreatic juice levels from the drain did not decrease after sealing the colonic fistula, in spite of removal of the ENPD tube being in favor of an EPS. The fistula was located at the pancreatic tail and the end of the EPS was just proximal to it. To solve this problem, we removed the EPS and thereafter pancreatic juice fluid volume decreased. This was assumed to be due to improvement of the pancreatic duct disruption, so we were then able to remove the abscess drain. Thus, the volume from the external drain was useful as an indicator of main pancreatic duct disruption with retroperitoneal abscess (or pseudocyst).
In treating patients who have undergone necrostomy, we believe amylase levels in drainage fluid should be monitored. When the drain output and the fluid amylase concentration are high, the drains should not be continued if soft feeding tubes are introduced. In such patients, pancreatic ductal anatomy should be studied with ERCP and a fistulogram should be made to assess the ductal anatomy proximal and distal to the fistula in planning an appropriate surgery [8] .
The success of somatostatin analogues such as octreotide in attempts to control and promote closure of such fistulas will depend on the extent of the initial injury. When necrosis has affected several centimeters of the duct along with the surrounding pancreatic parenchyma, closure is seldom achieved because the anatomic abnormality remains uncorrected. Conservative management of pancreatic fistula consists of adequate drainage, fluid balance correction and nutritional support. This leads to spontaneous closure in up to 80% of patients, although this may take up to 6 months [9] . The use of somatostatin analogues for the management of fistulas is widely recognized [10] and they are used for the conservative management of pancreatic fistula with the aim of achieving fistula closure or reduction of output. Although we started a somatostatin analogue early, we lost the effect with prolonged use and could not achieve a cure. Gans et al. [11] reported that there was no solid evidence that somatostatin analogues result in a higher closure rate of pancreatic fistula compared with other treatments. So in cases like this, we should not use somatostatin analogues for pancreatic duct disruption, but instead emphasize the importance of treatment for the primary disease.
Colonic complications of acute pancreatitis are quite rare, are difficult to identify and treat, and therefore are associated with high morbidity and mortality. Colonic fistula development depends on two factors: extension of pancreatic necrosis into the mesocolon with encasing pericolic fibrosis, and parietal ischemic necrosis secondary to shock and thrombosis with infection. They are managed with surgical closure, bowel rest, antibiotics and nutritional support, with surgery remaining the mainstay of treatment for such patients [12] . Endoscopic fistula repair could be an effective and less invasive modality in the management of these patients and may obviate the need for surgical intervention in a proportion of them. Conventional endoclips are currently used to close small perforations with favorable outcomes, but they may not be sufficient to safely close perforations >10 mm [13] . Only a few experiences have been reported in the literature describing closure of perforation of a colon fistula caused by severe acute pancreatitis using endoscopic clipping devices [14] .
The OTSC system is a new method for the mechanical compression of tissue in the gastrointestinal tract and was first reported by Kirschniak et al. in 2007 [15] . The clip consists of a nitinol alloy, which allows a high grade of elasticity. It is installed onto the applicator in a bent state. When released from the applicator, the shape-memory effect and the high grade of elasticity of the nitinol alloy cause closure of the clip. Because of the superelastic effect of nitinol, the force is permanently applied. The OTSC system complements the products that are currently available and gives endoscopists a tool for the immediate management of complications such as deep-walled lesions, perforations and difficult bleeding. In the present case, the successful outcome depended on four points: (i) immediate diagnosis of the colonic fistula, (ii) tight closure of the colonic fistula using the OTSC system, (iii) sufficient drainage and closed lavage of the pancreatic area, and (iv) adequate timing of EPS removal using the percutaneous drainage volume.
To our knowledge there are no reports of colonic fistula in patients with severe acute pancreatitis who were treated in Japan with an endoscopic closure mechanism such as a clipping device. Fistula closure using the OTSC system represents a promising sphincterpreserving minimally invasive procedure. In our patient, clip application was safe and effective, without early or late complications. The OTSC system may represent a new therapeutic option in the management of postoperative colonic fistula. Moreover, abscess ERCP should be carried out whenever main pancreatic duct disruption is suspected. 
